There is a mell-known cosmological argument' against the existence of neutrino masses greater than about 40 eV. In the "standard" big-bang cosmology, ' the present number density of each kind of neutrino is expected' to be~» the number density of photons in the 3'K black-body ba, ckground radiation, or about 300 cm '; hence if the neutrino mass were above 40 eV, their mass density would be greater than 2 &&10 " g/cm', which is roughly the upper limit allowed by present estimates4 of But although the energy distribution of the heavy neutrinos is kept thermalized by collisions with v, e, etc. , down to a temperature of 10'0'K, Bt that temperature they are so rare that their annihilation rate is already much less than the cosmic expansion rate. Thus the heavy neutrinos go out of chemical equilibrium (in the sense that their number density begins to exceed its equilibrium value) at a "freezing" temperature Tz which is much higher than 1 MeV. The condition on m~i s then that m~exp( m~/k-T&) should be less than 40 eV, and the resulting lower bound on m~m ust therefore be greater than 13 MeV. To make this quantitative, we use the rate
2)1/2 1 4&p'dp exp~+ yl kT Here n is the actual number density of heavy neutrinos at time t; R is the cosmic scale factor; (vv) is the average value of the L'L~a nnihilation cross section times the relative velocity; and n0 is the number density of heavy neutrinos in thermal (and chemical) equilibrium': (cv) = G, 'm, 'N"/2~, (6) where N" is a dimensionless fudge factor which depends both on the number of annihilation channels open and 
